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In the field of quantum photon sources, single photon emitter from solid is of fun-
damental importance for quantum computing, quantum communication, and quantum
metrology. However, it has been an ultimate but seemingly distant goal to find the sin-
gle photon sources that stable at room or high temperature, with high-brightness and
broad ranges emission wavelength that successively cover ultraviolet to infrared in one
host material. Here, we report an ultraviolet to near-infrared broad-spectrum single
photon emitters (SPEs) based on a wide band-gap semiconductor material hexagonal
boron nitride (hBN). The bright, high purity and stable SPEs with broad-spectrum
are observed by using the resonant excitation technique. The single photon sources
here can be operated at liquid helium, room temperature and even up to 1100 K. De-
pending on the excitation laser wavelengths, the SPEs can be dramatically observed
from 357 nm to 896 nm. The single photon purity is higher than to 90 percentage and
the narrowest linewidth of SPE is down to ∼75 µeV at low temperature, which reaches
the resolution limit of our spectrometer. Our work not only paves a way to engineer
a monolithic semiconductor tunable SPS, but also provides fundamental experimental
evidence to understand the electronic and crystallographic structure of SPE defect
states in hBN.
Solid-state single photon sources (SPSs) play a funda-
mental role in quantum technologies including quantum
computing, quantum secure communication, and quan-
tum metrology1–5. Over the past decade, many solid-
state single photon emitters (SPEs) have been developed
such as the originally studied color centers2, quantum
dots (QDs)6,7, carbon nanotubes (CNTs)8, as well as re-
cently emerged SPEs in two-dimensional (2D) materials9.
The SPEs in monolayer WSe2
10–13, and WS2
14,15 have
been observed at liquid Helium temperature from lo-
calized bound excitons. However, up to now, most of
these reported SPSs are limited in a narrow spectral
range at Liquid-helium cryogenic temperatures1,2. Wide
bandgap Gallium-Nitride QDs enables high-temperature
operation of solid-state SPSs with emission wavelengths
spanning from ultraviolet (UV) (286 nm)16, red (600-
750 nm)17 and infrared (1100-1300 nm)18, but it is dif-
ficult to achieve a full spectral range of SPEs in one
chip because the different doping and quantum struc-
tures are required to realize a specific emission wave-
length. Since each range of SPS has its own unique
application and urgent on-demand in quantum technolo-
gies. For example, the ultraviolet SPSs can be used for
smaller size quantum-optical devices19, the near infrared
SPSs at telecom wavelength range can be used to realize
quantum key distribution and wireless communication18.
Therefore, it is significant to achieve a bright and stable
SPEs covering ultraviolet to the near-infrared spectrum
and can work over a wide temperature range with just
one host material. In hexagonal boron nitride (hBN),
the SPEs have been associated with deep energy level
defect states within the large band gap that allow a
bright and stable SPE at room temperature and even
higher temperature20–37. Atom-like defects in hBN con-
fine electronic levels deeply within the larger band gap,
resulting in stable and extremely robust SPSs. Currently,
the light-excited SPEs of hBN were found mostly dis-
tributed within 550 nm to 800 nm spectral ranges at
room temperature24,38,39. And an ultraviolet (UV) SPEs
at 150 K was observed by cathodoluminescence spec-
troscopy combined with a scanning transmission electron
microscope (STEM)26. All of these results indicate that
the hBN should be one of the promising host materials
to achieve full spectral range from ultraviolet to near-
infrared SPSs at room temperature and even higher tem-
perature. To the best of our knowledge, such an hBN
based SPS have not been reported.
Here, we report the realization of a light-pumped
broadband SPEs covering from 357 to 896 nm in hBN
flakes. The strict excitation selectivity is observed by
photoluminescence excitation (PLE) spectroscopy, which
reveals the multi-level nature of defect emitters in hBN
and indicates that the resonant excitation is a good way
to achieve the high bright and tunable SPS in hBN. In
particular, these SPE peaks can survive even at a high
temperature up to 1100 K. At low temperature, hun-
dreds of SPEs with a narrow full width at half maxima
(FWHM) down to 75 µeV are observed which cover a
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Figure 1 | Raman spectra and defect emission of hBN flakes at room temperature. (a) The optical
microscopy image of hBN sample. (b) Raman spectra of hBN samples in (a). (c) Confocal Raman mapping of E22g
mode over the same area in (a) . (d) PL spectra of defects SPEs of hBN samples in (a), the inset is the fitting
results of the defect emission peaks. (e) Confocal PL mapping of defect SPEs over the area in (a) (red color region).
broad spectral band. Such a dense and broadband SPE
means that the hBN can be engineered as ultra-broad
spectrum SPSs. By using the optical filter or grating,
people can easily select arbitrary wavelength SPE in only
one hBN chip. Furthermore, we calculate all possible de-
fect levels in hBN based density functional theory, and we
found the calculated varieties of defect levels are consis-
tent with our experimental results. Our results can give
a better understanding of the defect SPE in hBN and
broaden its potential application in quantum technology.
A. Results and Discussions
The samples are commercial hBN flakes suspended in a
50/50 ethanol/water solution (Graphene Supermarket).
We dropped cast 30 µL onto a 90 nm SiO2/Si substrate
and waiting for the solvent to dry. We firstly measured
the Raman and photoluminescence (PL) spectra of the
hBN flakes as shown in Figure 1. Figure 1(a) shows the
optical microscopy image of hBN flakes. A typical Ra-
man spectrum of hBN samples at room temperature is
depicted in Figure 1(b). Two Raman modes of E12g at
52 cm−1 (FWHM= 2.93 cm−1) and E22g at 1366.6 cm
−1
(FWHM= 10.4 cm−1) are observed, which are consistent
with the Raman spectra of exfoliated multilayer hBN in
previous reports20,40. Based on the frequency and narrow
linewidth of E12g and E
2
2g here, we can confirm that the
hBN flakes are multilayer single crystalline. Figure 1(c)
shows the corresponding confocal Raman mapping spec-
tra of the E22g mode of hBN at room temperature. Ob-
viously, the shape of the Raman mapping matches with
the microscopy image of the hBN sample in Figure 1(a)
quite well, which indicates that the samples have uniform
crystal quality. Figure 1(d) shows the PL spectra from a
certain spot in Figure 1(a) at room temperature. Besides
the Raman modes of the silicon substrate and hBN, we
observed two bright new peaks around 550 nm and 685
nm from the localized defect states, which have been re-
ported as SPEs in previous studies20,24,33,35. These SPEs
in hBN are known to possess a series of zero-phonon
lines (ZPL). For defect emission in solid states, the line-
shape of ZPL can be governed by the spectra diffusion
or phonon broadening mechanisms, which correspond to
Gaussian and Lorentzian line shapes41–43, respectively.
In general, at low temperature, the lineshape is domi-
3nated by the spectral diffusion due to most phonons are
in the ground state, whereas at a higher temperature,
the phonon broadening mechanism is the dominant fac-
tor. Therefore, the lineshape will show a transition from
a predominantly Gaussian line shape to a Lorentzian-like
shape as the temperature increases from low tempera-
ture to room temperature, similar results have also been
observed in nanodiamond34,41,43. As a consequence, at
room temperature the peak at around 685 nm can be fit-
ted by two components, the narrow one with a Lorentzian
shape (∼4.4 meV) is the ZPL and another broader fea-
ture (∼39 meV) with a Gaussian shape is the phonon
sideband44. Obviously, the fitting lines match well with
the experimental results, as shown in Figure 1(d). Here,
the strong ZPL dominates the whole spectra, implying
the electron-phonon coupling is weak for SPEs in hBN
at room temperature44. We also measured the PL map-
ping of the emission peak at 685 nm as shown in Figure
1(e). In contrast to Raman mapping of the E22g mode,
this PL emission only appears at a specific spatial spot,
which indicates it comes from the isolated local defect
in hBN samples. Similar SPEs in hBN have also been
reported by many research groups20,22–28,30–35.
In order to characterize the purity of these SPE, a
Hanbury-Brown-Twiss (HBT) setup45 is used to mea-
sure the second-order correlation function g(2)(τ). Fig-
ure 2(a) shows the representative PL spectrum of one iso-
lated hBN defect, and Figure 3(b-c) shows the measured
g(2)(τ) and fitting results. Here g(2)(τ)=1 − ae(−|τ |/τ0),
where a is the background of uncorrelated photons and τ0
is the antibunching recovery time. By fitting the experi-
mental data, the value of g(2)(0) for the SPEs at around
595 (P1) and 685 nm (P2) are equal to 0.09 and 0.06, re-
spectively. Both of these two values are below than 0.1,
which unambiguously proving that the defect emitters
here are high purity SPEs. The lifetimes of these SPEs
were also measured by time-resolved PL spectroscopy,
as shown in Figure 3(d-e). Based on the fitting results,
the lifetime of P1 and P2 are ∼1.12 and 1.35 ns, respec-
tively, consistent with lifetime values 1.0 ns and 1.4 ns
deduced from the fitted line-width of g(2)(τ) functions,
respectively.
To fully understand the relationship between defect
SPEs and excitation wavelength, we have further con-
ducted the PLE mapping of the defect emission at room
temperature, as shown in Figure 3(a). Remarkably, we
found that the intensity and wavelength of these SPEs are
strongly dependent on the excitation wavelength. The
dashed lines correspond to the defect levels involved in
the excitation-emission process. The emission at around
685 nm, 750 nm, and 767 nm are greatly enhanced when
the excitation wavelengths are around at 490 nm, 494
nm, and 528 nm, respectively. These two peaks at 685
nm and 750 nm are also enhanced at around 478 nm and
546 nm, but their intensities are weaker than the form-
ers. In particular, the emission at around 711 nm is only
greatly enhanced under excitation at around 500 nm and
slightly enhanced at around 472 nm. While for other
excitation wavelengths, these defect SPEs are too weak
to be observed. To make it clearer, partially extracted
spectra are presented in Figure S1(a). Clearly, different
emissions have different resonance excitation profiles as
well as a different emission wavelength, as shown in Fig-
ure S1(b). The excitation selectivity of the PLE spectra
typically contains a distinct resonance behavior, suggest-
ing that many real intermediate defect energy levels are
involved in these defect emission processes. Furthermore,
both of the emissions at 685 nm and 750 nm are enhanced
under 494 nm and 528 nm excitation wavelength. The
energy difference between these two resonant excitation
peaks (494 nm and 528 nm) is around 162 meV, which
is very close to the energy of E22g phonon mode (around
169 meV), implying the phonon plays an important role
in defect SPEs of hBN. Such a strictly resonant condi-
tion between one phonon and two atomic-like individual
defect level states provides a good platform to achieve
phonon ground cooling and amplification by using a re-
solved sideband Raman cooling technique as reported
in semiconductor ZnTe46,47, as well as quantum coher-
ent state manipulation based on phonon-single photon
coupling2.
Considering the selectivity resonance-enhanced SPEs
in hBN, we have tried to measure many sample posi-
tions with different excitation wavelengths ranging from
ultraviolet to near-infrared. Figure 3(b) shows the cor-
responding results measured by six laser lines. Interest-
ingly, we observed a series of narrow SPEs from 357 nm
to 896 nm at room temperature, much broader than pre-
viously reported results that mainly spans from 550 nm
to 800 nm24,38,39. These emissions are also localized in
a specific sample point. We should note that the inten-
sities of these emitters below 400 nm and over 800 nm
are weaker compared to the emitters at other spectral
ranges, which may be caused by the harsh requirement
to achieve resonance excitation. And among these ex-
citation wavelengths, the 442 nm excitation can obtain
more dense and bright SPEs. The different behaviors of
emitters in hBN also mean that the electronic level and
crystallographic structure of the emitters are much more
complexes than current theoretical proposals20,48,49. The
emission intensity of defect SPE in hBN is heavily depen-
dent on the excitation photon wavelength also explains
why we can observe the defect emissions from ultravi-
olet to near-infrared by using different excitation wave-
lengths. In short, different emitters have different emis-
sion wavelengths and these emissions also have different
resonance behaviors as well. Therefore, if the excitation
wavelengths match isolated defect energy levels well, the
SPEs in hBN with brighter intensity and wider spectral
range are supposed to be observed.
Since the photostability of SPEs over time is very im-
portant for SPS application in quantum technology, we
measured the temporal evolution of defect emitters at
around 477, 685 and 796 nm, as shown in figure 3(c). It
is obvious that the frequency and intensity of these emis-
sions almost remain unchanged with time, suggesting
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Figure 2 | Observation of photon antibunching at room temperature. (a) The PL spectra of localized
emitter. (b-c) The second-order correlation measurement of peak 1 (P1) and peaks 3 (P3) in (a), respectively. The
red line is the fitting results to the experimental data. (d-e) Time-resolved PL of peak 1 (P1) and peaks 3 (P3) in
(a), respectively. The black line is the fitting results to the experimental data.
these emitters are very stable. These results are similar
to previous reports about the color center in diamond50.
In contrast to these stable SPEs, we also found that only
a few defect emitters show a slighter fluorescence blinking
behavior as shown in Figure S2, similar results have also
been observed by other groups.22,32,37. Here we find the
blinking emitters are only dependent on the sample loca-
tion but not on the excitation wavelength. It means that
the local environment of defects is the dominant mecha-
nism for the SPE blinking in hBN flakes. Furthermore,
we also measured the intensity saturation behaviors of
the defect SPEs at 477 nm, 577 nm, 685 nm, and 796 nm
as a function of the excitation power, as shown in Fig-
ure 3(d). The data can be fitted by a simple saturation
function: I=I∞P/(P + Psat), where I∞ and Psat are the
emission rate and excitation power at saturation, respec-
tively. We find the saturation emission rate I∞ are equal
to 1.7 × 104, 0.3 × 104, 1.2 × 104 and 0.7 × 104 counts/s
for the emissions at 477 nm, 577 nm, 685 nm and 796
nm, respectively, and Psat are equal to 5.61 × 104, 2.9 ×
104, 3.96 × 104 and 3.03 × 104 W/cm2 for the emissions
at 477 nm, 577 nm, 685 nm and 796 nm, respectively.
These results are consistent with previously reported re-
sults that the SPE in hBN is the brightest SPE reported
so far among the 2D materials SPE library2. On the
other hand, the saturation behavior also indicates that
the defect emissions are photostable even under high laser
excitation power.
Because of the low temperature environment would
greatly suppress the non-radiative process and phonon
broadening of SPEs, the SPEs in hBN with much nar-
rower linewidth and much brighter intensity are expected
to be observed. In order to observe SPEs as much as pos-
sible from hBN flakes, we used the 442 nm (2.81 eV) laser
as the excitation wavelength to measure the SPEs at low
temperature, as shown in Figure 4(a) and Figure S3. Sur-
prisingly, in contrast to only several single photon peaks
appeared at one selected isolated defect at room temper-
ature, there are hundreds of peaks appeared at one iso-
lated defect location as the temperature drops to around
4 K. The SPE at low temperature here cover a wide spec-
tral range from 2.80 eV (443 nm) to 1.544 eV (803 nm),
and each different isolated position also has a different
emission spectrum, as shown in Figure 4(a). It implies
that the hBN based SPEs can achieve a broadband SPSs
covering from near-ultraviolet to near-infrared spectral
range. In particular, these SPE peaks show an ultra-
narrow linewidth down to ∼75 µeV, as shown in Figure
4(a) inset and Figure S3. We note that this value is very
close to the narrowest linewidth of ∼45 µeV reported in
the prepared hBN samples on Al2O3 substrate
32. How-
ever, the intrinsic linewidth of SPE here may be less than
∼75 µeV if the resolution of our spectrometer is counted.
We also measured the photostability of SPEs overtime at
4 K, as shown in Figure S4. Obviously, most SPEs are
very stable and few of them show a blinking behavior
over time.
To further confirm purity of these SPEs at low temper-
ature, we also measured g(2)(τ) functions of two typical
defect emissions at around 587 and 694 nm, respectively,
as shown in Figure S5. Both of g(2)(0) values are 0.08
and 0.02, suggesting there are high purity SPEs. We also
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Figure 3 | Observation of a broad spectral range of defect SPEs in hBN at room temperature. (a) The
confocal PLE mapping of one selectively isolated defect emission at room temperature, the white dash lines are used
to guide the resonance enhancement excitation wavelength and emission wavelength. (b) PL spectra of different
position in hBN with six different excitation wavelengths at room temperature. The star, circle and diamond
symbols mark the Raman mode of silicon, E22g mode of hBN and the laser line, respectively. (c) The temporal
evolution of three different defect emitters under continuous illumination at room temperature. (d). The intensity of
emitters centered at 477, 577, 685 and 796 nm from the different position as a function of laser power at room
temperature, respectively.
measured the SPEs from isolated defect in hBN by us-
ing 532 nm (2.34 eV) excitation wavelength (energy), as
shown in Figure S6. Similar to the results that measured
by 442 nm, multiple defect emission peaks appeared at
one selected point. However, the number of observed
single photon peaks is considerably reduced. This is an-
other evidence of selectively resonance enhanced SPEs as
discussed above.
Now we try to analyze the underlying physical mech-
anisms that caused such a dense broad spectrum SPEs
appeared at low temperature. Although there is a slight
difference among the emission spectrum at each different
location, they still share some similar characters. Ac-
cording to the density of SPEs, we simply divided the
measured spectra into seven bands, and mark them with
different background colors, as shown in Figure 4(a-b).
We suspect that these different regions may correspond
to different defect types in hBN20,37,48. Because the hBN
flakes sample is prepared in organic solution, there are
likely to produce many defects, such as H and O atom
substitutional, or boron vacancy and carbon interstitial.
We also calculated the energy level of different defect
types and will discuss below. Another possible specu-
lation is there are many phonon replicas of SPE, lead-
ing to the observation of such dense emissions51,52. In
addition, there are many fine intermediate defect levels
already located in the band gap of hBN. However, ow-
ing to the two-dimensional nature of the host material,
these defect emitters are highly exposed to its localized
surroundings environments30,34,36,37. Considering their
different types of defects and local environments48, only
a few of them are optically active or stable under ambient
conditions. When the sample is at a low-temperature en-
vironment, more fine structures of defect states become
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Figure 4 | Observation of single photon emission in hBN from 4 K to 1100 K. (a) PL spectra of different
position in hBN with excitation wavelength 442 nm (2.81 eV) at 4 K. The inset one is the extracted PL with a
narrow range from position 5. (b) The upper part is defect SPEs from two different spots at 4 K and room
temperature, respectively. The bottom part is the evolution of defect SPEs from another position with temperature
from 4 K to 300 K. (c) PL spectra of defect emissions with excitation wavelength 442 nm from 300 K to 1100 K.
activated and the transition between them is allowed.
So that we can observe abundant SPEs under this condi-
tion. Besides, the quantum efficiency of SPEs is enhanced
and the linewidth broadening of fine structures of defect
states is strongly suppressed at low temperature41, thus
more SPEs become resolvable. In order to further con-
firm the above speculations, we performed temperature-
dependent measurements of SPEs in hBN from 4 K to
room temperature, as shown in Figure 4(b). Obviously,
each band of SPEs at low temperature evolves into one
broad defect emission peak above 140 K, and the inten-
sities are greatly reduced. The temperature dependent
experiments are consistent with our previous analysis,
indicating our speculations are relatively reasonable.
Room temperature or even higher temperature opera-
tion is desired for the real application of SPS. We mea-
sured one SPEs from room temperature to 1100 K, as
shown in Figure 4(c). Remarkably, these SPE peaks can
still survive even when the temperature is increased up
to 1100 K. As the temperature increase, the linewidth
of these SPE peaks are widened, and the emission wave-
lengths are redshift, which is consistent with the previ-
ous reports29. Although the whole intensities of these
emissions decreases as temperature increases, the rela-
tive intensities are different. For example, the emission
at around 2.23 eV (556 nm) is weak at room tempera-
ture, but the intensity is enhanced at around 400 K, and
then slowly decreases with temperature increases. The
purity of these emissions at high temperatures and de-
tailed physical mechanism behind this phenomenon calls
for further studies.
To give a better understanding of the origin of such
broadband emission, we calculated the electronic energy
band structures of the monolayer and bulk hBN, as well
as its possible defect states related with H, O, C, N and
B induced defects based on the density functional the-
ory (DFT), as shown in Fig. 5(a). The calculated band
gaps of hBN are 5.94 and 5.98 eV for the monolayer and
bulk hBN, respectively, which are consistent with previ-
ous experimental results53. More calculation details were
shown in Supplementary Information. We used the short
straight lines to denote the defect states in Fig. 5(a).
The blue lines indicate the defect states are fully filled
with electrons, which possess the possibility for electrons
transit into the conduction band. The red lines denote
the empty defect states, which indicate that here the
holes maybe transfer to the valence band. The black
straight lines represent the defect states which are half
filled with electrons. Therefore, it is possible for elec-
trons transition to the conduction band and the holes
transition down to the valence band. Fig. 5(c) shows
all possible transition energies of various native defects
and impurities states. Every column represents the dif-
ferent types of defect states. The blue and red columns
represent defect states in monolayer hBN, and white and
pink columns represent defect states in bulk hBN, for
instance, the emission energies at around 1.5 eV may
correspond to CB , CN and VB defect type, and 2.3 eV
and 3 eV may correspond to the HN and VB defect type,
respectively. Therefore, the defect types in Fig 2 may
correspond to HN and VN . In addition, the defect types
in monolayer and bulk hBN are almost the same, but the
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Figure 5 | Calculation of defect levels in monolayer and bulk hBN. (a) Band structure of the monolayer
h-BN and bulk h-BN with defected states. The blue lines indicate the defect states are fully filled with electrons, the
black straight lines represent the defect states which are half filled with electrons, and the red lines denote the
empty defect states. The energy of the host valence band maxima is set to zero. (c) The neutral state transition
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energies have a lightly difference, indicating the energy is
small varied in different thickness hBN for the same de-
fect type. Similarly, the same defect type may own mul-
tiple emission levels. Therefore, for different hBN sam-
ples, its different thickness will have a small effect on the
defect emission wavelength. Remarkably, the calculated
defect levels both in monolayer and bulk hBN are ranged
from infrared to ultraviolet region, which are consistent
with our experimental results. Meanwhile, we found the
number of defect types in infrared range is relatively few,
making it difficult to found one location with an emission
wavelength in the infrared region. However, for some dif-
ferent defect types in bulk (or monolayer) case, they may
share the same energy level (e.g., VB and CB , OB and
Oi). Therefore, it hard to direct identify all the defect
types just according to the measured PL spectrum and
calculated results. In this case, the transmission electron
microscope and ion implantation may be good methods
to help further identify the defect types. To fully under-
stand these defect types, and to controllably prepare the
SPEs in hBN, more works are required in the future.
B. Conclusion
In conclusion, we have observed an ultra-broad
spectral range SPEs from ultraviolet to near-infrared
in hBN. Most of these isolated emitters show a photo-
stability and high brightness under ambient conditions
and even when the temperature up to 1100 K. We also
found these SPEs in hBN are strongly dependent on
the excitation wavelength. At low temperature, up to
hundreds of defect emissions with ultra-narrow linewidth
are observed. Such dense SPEs at low temperature
suggest that the SPE defects in hBN have much more
complex level structures. We also calculated the defect
level of monolayer and bulk hBN based on DFT method.
And we found the energies of defect levels are ranged
from infrared to ultraviolet region, which are consistent
with our experimental results. Our results not only
provide a better understanding of the level structure
of the defect emitters in hBN, but also show that the
hBN is a good host material for construct an ultraviolet
to near-infrared broad-spectrum single photon source.
These novel properties of hBN hold a great promise for
its application in quantum technology.
8C. Experimental Section
Sample Preparation The hBN flakes are suspended
in a 50/50 water/ethanol solution (Graphene Super-
market). A 20 µL solution is dispersed onto a 90 nm
SiO2/Si substrate.
Optical Measurement Confocal Raman and PL
measurements on hBN samples were undertaken in
backscattering geometry with a Jobin-Yvon HR800
system equipped with a liquid-nitrogen-cooled charge-
coupled detector. The Raman and PL measurements
at room temperature were undertaken with a 100X
objective lens (NA=0.9) (or a 39X UV objective) and
100 and 600 lines mm−1 grating at room temperature.
The Montana cryostat system was employed to cool the
samples down to 4 K under a vacuum of 0.2 mTorr. A
50X long-working-distance objective lens (NA=0.5) and
both 600 and 2400 lines mm−1 grating were used for
PL measurements at low temperature. The excitation
laser (EL) line 458 nm is from an Ar
+ laser, 647 nm is
from a He-Ne laser, 532 nm and 780 nm are from an
Nd: YAG laser, 325 nm and 442 nm are from an He-Cd
laser. The confocal PLE measurements are carried out
by using house-built confocal microscopic PLE system,
where a super continuous laser source combined with
a grating monochromator is used as excitation source.
The second-order correlation function measurement is
carried out by using home-built Hanbury-Brown-Twiss
(HBT) setup.
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